The combination of sofosbuvir (SOF) with ribavirin (RBV) or daclatasvir (DCV) or simeprevir (SIM) for the treatment of patients infected by chronic hepatitis C (CHC) have led to significantly increased rates of sustained virological response (SVR). However, there is only limited data regarding factors associated with treatment failure in a "real-life" cohort. Patients and methods: Consecutive treatment-naive and treatment-experienced patients F3-F4 were treated with SOF-based interferon-free therapy in our hospital from November 2013 to July 2015. The primary endpoint was the proportion of patients with sustained virological response 12 weeks after cessation of therapy (SVR12). Results: A total of 167 treatment-naive and 207 treatment-experienced patients were treated and followed up for 2 years (n=383). Overall, 71% were men; among them, 54% had cirrhosis and the median age was 53 years. SVR12 was achieved by 82% of the patients receiving SOF+RBV, 92% receiving SOF+DCV, and 79% receiving SOF+SIM. Metavir F4 and albumin serum were found as independent risk factors associated with treatment failure in groups receiving SOF+RBV (p=0.008 and p=0.001), SOF+DCV (p=0.038 and p=0.043), and SOF+SIM±RBV (p=0.014 and p=0.017), respectively. The most common adverse events were fatigue, nausea, headache, and anemia. Three patients discontinued the treatment due to an adverse event. Conclusion: These findings suggest that 12-week SOF-based regimen plus RBV or DCV or SIM is an efficacious and well-tolerated treatment in CHC patients with fibrosis stage F3-F4. Patients, who display risk factors for cirrhosis, should be referred to an experienced viral hepatitis center.
Introduction
Infection with hepatitis C virus (HCV) is a leading cause of chronic liver disease worldwide and, consequently, a major health burden. 1, 2 In Europe, it is estimated that 7.5-9 million individuals are chronically infected. 3 Understanding the effectiveness of antiviral regimens in real-life settings is necessary for informed treatment decisions. Data and information issued from clinical trials may be limited in applicability to clinical practice where variations in patient characteristics, care faculty, and management cannot be controlled. Differences between real-life HCV treatment outcomes ("effectiveness") and clinical trials ("efficacy") often become apparent once these medications are prescribed to a broader population. [4] [5] [6] Since 2013, the landscape of HCV treatment has rapidly changed with the arrival of new and highly potent direct-acting antivirals (DAAs), 7, 8 such as the protease inhibitor simeprevir (SIM), polymerase NS5B inhibitor, nucleoside analogue sofosbuvir (SOF), submit your manuscript | www.dovepress.com
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Kutala et al and NS5A inhibitor daclatasvir (DCV). Sustained virological response (SVR) rates reported in clinical trials with SOFbased regimens represent a substantial improvement over previous DAA regimens. Combinations of these molecules are associated with SVR rates higher than 90% in the general population and with a good safety. 5, [9] [10] [11] [12] [13] However, in real life, in contrast with the highly controlled setting of industry clinical trials, pooled SVR rates are ~65%-80% in patients with advanced fibrosis treated with SOF. 10, 14, 15 Thus the aims of this study were 1) to compare the efficacy and safety of combination of SOF-based therapies in a real-life cohort, including CHC patients with advanced fibrosis and 2) most important to reassess the influence of the previously identified risk factors of cirrhosis such as male gender, age >50 years, diabetes, and Metavir score F4 due to treatment failure in an independent cohort of CHC patients not treated with interferon (IFN) in Beaujon Hospital.
Patients and methods
Study design
This was a retrospective, non-interventional, single-center, real-life cohort study carried out in CHC patients receiving SOF-based treatments in accordance with the countryspecific legal and regulatory requirements. The study was conducted in accordance with the ethical guidelines of the Declaration of Helsinki revised at 2013, actual Loi Jardé n° 2012-300 du 5 mars 2012 (French legislation), and the protocol was approved by our institutional review board Comité de protection des personnes (CPP) -Ile de France V. According to the aforementioned French legislation, for an observational study (with standard practices and no additional intervention), inform consent is not required. However, patient's confidentiality was respected according to both the French legislation and the CPP statement.
Study population
We analyzed the clinical and laboratorical data of consecutive fibrosis stage F3-F4 patients with CHC treated in our hospital between November 2013 and July 2015. Treatments including SOF+ribavirin (RBV) or DCV+SOF or SOF+SIM+RBV were initiated in these patients according to the temporary authorization for use in France between September 2013 and July 2015 at the viral hepatitis referral center, Beaujon Hospital, France. In France, the temporary authorization for use was made in May 2013 for SOF, July 2013 for DCV, and October 2013 for SIM. This temporary authorization for use was indicated in patients with advanced disease (fibrosis stage F3/F4) and extrahepatic manifestations and for whom there is no appropriate treatment or awaiting liver transplantation.
All patients received an abdominal ultrasound and routine laboratory test prior to the beginning of therapy. Liver fibrosis was measured by liver biopsy or by using 2 non-invasive fibrosis tests: Fibroscan (Echosens, Paris, France) and combination of serum markers (Fibrotest). Consequently, patients with hepatocellular carcinoma (HCC), those without any advanced fibrosis, and those with a history of Child-Pugh C score, HIV infection, or other active hepatitis were excluded. All patients included in other national cohorts or studies (Cupilt and Hepater) or those who were awaiting liver transplantation were also excluded.
Treatment
The prescribed treatment was at the sole discretion of the practitioner and the treatment was available only after approval by the regulatory agency. Initially, the patients were treated individually. According to the temporary authorization for use and country requirements, patients received SOF (400 mg)+RBV (1200 mg) administered for 12 weeks or SOF (400 mg)+DCV (60 mg) for 12 weeks, or SOF (400 mg)+SIM (150 mg)±RBV (1200 mg) administered for 12 weeks.
Treatment response and safety measures
Serum HCV RNA levels were assayed centrally by COBAS TaqMan HCV test, version 2.0 (Roche Molecular Systems), with a lower limit of quantification of 50 IU/mL and a lower limit of detection of 15 IU/mL. HCV RNA levels were measured at baseline, every 4 weeks during treatment ranging from week 4 to week 12, and at weeks 4, 12, and 24 after the end of the treatment (EOT) period.
Adverse events (AEs) were collected from data source. Clinical laboratory tests and physical examinations were performed and monitored at screening, at baseline, and at scheduled visits throughout the treatment period.
Outcomes
The primary outcome was the efficacy of treatments, determined by virologic response 12 weeks after the end of treatment (SVR12).
Virologic response, SVR12, was defined as HCV RNA <50 IU/mL, 12 weeks following the EOT. Relapse was defined as serum HCV RNA >50 IU/mL during the followup. Non-SVR12 was further categorized by the detectable HCV RNA in patients with EOT response (HCV RNA >50 IU/mL at EOT). The second outcome was the safety evaluated by percentage of AE or serious AE (SAE) in the different combinations of treatment. 
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Statistical analysis
Continuous variables were reported as medians and interquartile range and as percentages for categorical variables for baseline characteristics. We calculated the proportion of patients who had an SVR along with exact 2-sided 95% confidence intervals (95% CIs) constructed with the use of the Clopper-Pearson method for each group that underwent combination treatment and for subgroups. Statistical comparison using the Chi-square test or Fisher's exact tests to assess differences between combinations was performed for overall SVR rate. In an exploratory analysis, we performed a multivariate logistic-regression analysis involving baseline characteristics, using a stepwise procedure to identify independent predictors of an SVR at week12 following the EOT.
All statistical analyses were performed with SAS software (SAS Institute, Cary, NC, USA), version 9.3.
Results
From November 1, 2013, to July 30, 2015, 634 patients with CHC were treated with SOF-based IFN-free treatment. Among them, 251 patients were excluded: 167 were already included in other national cohorts or others clinical protocols, 38 was diagnosed as F1-F2 at baseline and most were treated for extrahepatic manifestations, 34 did not meet the inclusion criteria, and 12 had missing data. Overall, 383 patients were included and initiated IFN-free SOF-based treatment: SOF+RBV for 12 weeks (n=161), SOF+DCV for 12 weeks (n=144), and SOF+SIM for 12 weeks (n=78). Baseline clinical characteristics were balanced, except that more Caucasians and patients with genotype 4 were treated with SOF+SIM±RBV than with the other combinations ( Table 1) . Among the 102 (27%) patients who had no liver biopsy, 68 (67%) had severe fibrosis (F3) according to the Fibroscan (>9.5 kPa) or Fibrotest score (>0.59) and 34 (33%) had clinical evidence of cirrhosis.
Efficacy of different combinations
Overall 383 patients included, 322 had a SVR 12 weeks after treatment, 44 (16%) did not have a SVR12, 4 were lost to follow-up after post-treatment at week 12 (2 in SOF+RBV, 1 in SOF+DCV and 1 in SOF+SIM±RBV), and 14 (4%) patients had treatment discontinuation. Among the 383 patients who received 12 weeks of combination therapy, 132 patients (82%; 95% CI, 76-88) in SOF+RBV, 132 (92%; 95% 
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Kutala et al CI, 86-95) in SOF+DCV, and 62 (79%; 95% CI, 70-88) in SOF+SIM±RBV reached an SVR12 after the cessation of the treatment (Table 2) . Among the patients with treatment discontinuation, 11 stopped the treatment due to other reasons not related to liver disease and 3 related to liver disease. Overall, 44 patients did not respond to the treatment. The combination of SOF+DCV has shown more efficacy as compared to SOF+RBV (p=0.035) or to SOF+SIM±RBV (p=0.009). Exploratory analyses revealed that among patients with non-genotype 1 HCV infection and fibrosis F3, the rates of SVR were consistently high across subgroups ( Table 2 ). Rates of SVR among patients with cirrhosis varied according to the combination of treatment and the lower rate was observed in the SOF+SIM±RBV group (73%). However, the overall rate of SVR12 in cirrhotic patients was 78% vs 91% in patients with fibrosis F3. Among treatment-naive patients, the rates of SVR were comparable among the 3 groups (85% in SOF+RBV, 93% in SOF+DCV, and 83% in SOF+SIM±RBV).
In an exploratory multivariate regression analysis of patient characteristics, 4 baseline factors (serum albumin, fibrosis, age, and gender) were independently associated with SVR12 in each therapy combination (data not shown).
Safety profile of different SOF combinations
The most common AEs observed were fatigue (27%), headache (18%), and nausea (19%) ( Table 3 ). Three patients who had HCV RNA undetectable at week 8 discontinued treatment due to serious AEs during the treatment period (HCC in 2 patients and a hepatic decompensation with variceal bleeding in 1 patient) ( Table 3 ). The most common grade 3 laboratory abnormalities were low hemoglobin level and platelet counts. The mean change in the hemoglobin level associated with regimens that contained RBV versus those that did not contain RBV was −2.4 g/dL versus −0.4 g/dL after 12 weeks of therapy. The RBV dose was reduced in 19 patients because of anemia. All AEs were resolved and none was considered to be treatment related, consistent with changes in laboratory values typically associated with RVB. Decreases in hemoglobin levels and increases in reticulocytes and platelets counts, from baseline, were observed during treatment.
Factors associated with treatment failure in patients with advanced fibrosis
The prevalence of baseline risk factors in patients with CHC treated with SOF-based IFN-free treatment is presented in 
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Efficacy and safety of SOF-based therapy Table 1 . Among the 44 patients (11%) who failed to treatment, 17% were treated with SOF+RBV, 5% with SOF+DCV, and 18% with SOF+SIM±RBV. Overall, patients with cirrhosis (Metavir score F4) represented 91% of patients who did not respond to treatment. Metavir score F4, ratio of aspartate aminotransferase (AST)/alanine aminotransferase (ALT), and serum albumin level were the common risk factors independently associated with treatment failure in the 3 combination groups as analyzed by multivariate analysis (Table 4) . Only a baseline age ≥53 years (p=0.021) was independently associated with treatment failure in patients treated with SOF+DCV as analyzed by multivariate analysis. Gender was independently associated with treatment failure in patients treated with SOF+RBV (p=0.023) and in patients treated with SOF+SIM±RBV (p=0.011).
Discussion
Our study aimed to extend the data obtained by the registration trials of SOF-based treatments and to describe important real-life data from more than 350 difficult-to-treat patients.
Most patients treated with SOF-based regimens had an SVR12 (85%) regardless of viral subtype or failure of prior treatment, and 78% of patients had cirrhosis. These findings are generally consistent with clinical trial data and previous real-life data. 9, 11, 16, 17 The most common AE observed was fatigue, which was reported in approximately one-third of patients (27%).
In our study, a higher number of patients with cirrhosis were included (54%) as compared to the inclusion in the registration trials (24%) and previous real-life analyses (30-44%). 5, 8, 18 Of note, one-third of our patients would have been ineligible for the various registration trials of SOF-based regimens, 15 17 patients had Child Pugh B score, 4 patients had a history of liver decompensation, and 201 (52%) had a history of partial or null response in previous treatment (including DAAs-experienced patients). Astonishingly, these patients displayed a reasonable chance for SVR. The overall frequency of SVR12 in patient with cirrhosis in our "real-life" cohort (73%) was as well as comparable to those reported in clinical trial 11, 19 and 2 previous real-life studies (75% in TRIO network and 79% in HCV-TARGET study). 9 The frequency of treatment failure at week 12 following EOT was slightly higher in a previous "real-life" data (21%) and in clinical trials. Interestingly, in our cohort, only 11% of patients experienced a treatment failure until week12 (22 patients in SOF+RBV, 8 patients in SOF+DCV, and 14 patients in SOF+SIM±RBV groups).
Moreover, 5 predictors associated to treatment failure were found in multivariate regression analysis. Metavir score F4, low serum albumin, and ratio of AST/ALT at baseline were the only common independent predictors of treatment failure in our cohort. However, absence of cirrhosis, female sex, and age <50 years have been identified as key factors 
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Kutala et al independently associated with SVR in patients treated with SOF-based regimens in previous study. Our findings confirm that patients with risk factors of cirrhosis remain difficult to treat. Of note, those patients should be treated with special care since they are most likely to display risk factors for complications and treatment failure.
The safety of different combinations was in accordance with previous preliminary real-life reports. We saw a comparable incidence of AEs especially in patients with severe cirrhosis (Child Pugh B). Counterintuitively, patients with severe cirrhosis displayed neither a higher rate of treatment failures nor a higher risk of AEs incidence. 8, 16, 20, 21 The overall frequency of SAE was lower than in a previous study conducted by Shiffman et al 12 (1.4% vs 9.1%). Of note, the age (52 vs 63 years), proportion of Caucasian (80% vs 48%), and Child Pugh B/C score (8% vs 33%) were different in our cohort compared to Schiffman et al's study. 12 However, the discrepancy observed in SVR12 rates between the 3 groups might be due to the proportion of HCV G1a or the prevalence of interleukin (IL)28 polymorphism CT and TT genotypes, which were not investigated. While IL28B polymorphism is the strongest pretreatment predictor for SVR in Pegylated-IFN (Peg-IFN)-/RBV-based treatment, 22 our results confirm previous reports of limited practical value of IL28B polymorphism for prediction of SVR in patients treated with DDAs in real life.
Our data also indicate that oral therapy may be a reasonable option for some Peg-IFN-and DAA-experienced patients, as well as patients with compensated cirrhosis. 12, 18 This is an important finding, since the number of difficultto-treat patients will rapidly increase in the near future accordingly to the future burden of HCV-related morbidity and mortality. 23 Our study has certain limitations. First, a minority of patients (<27%) without liver biopsy were formally included, although all of these patients had 2 noninvasive liver examinations showing signs of liver cirrhosis. Second, the allocation of treatment was based on the willing of the practitioner. That may lead to an imbalance between the different combinations. Likewise, the use of RBV is not required with every oral DAA regimen, including the SOF and DCV combination, which has a high antiviral potency and high resistance barrier. RBV-sparing regimens are desirable, considering the risks of anemia and teratogenicity, but their role from a cost-effectiveness perspective (i.e, allowing a reduction in treatment duration) cannot be excluded. Third, our cohort included patients who were previously treated with Peg-IFN or first-generation polymerase inhibitors. Our study reflects the "real-life" situation in many large tertiary referral centers and provides important learning points in these "difficult-totreat" patients with DAAs combinations.
Conclusion
Oral HCV SOF-based treatments are associated with high rates of SVR12 and a good tolerance for patients with both fibrosis F3 and cirrhosis F4, in real life. 
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